Latex from the opium poppy, Papaver somniferum L., was analyzed by polyacrylamide gel electrophoresis (PAGE). Two latex-specific bands were identified in protein samples of poppy latex using one-dimensional native PAGE. Second dimension analysis with SDS-PAGE indicates that these proteins have a relative molecular weight of approximately 20 kilodaltons. We have termed these polypeptides the major latex proteins (MLPs). Polyclonal antibodies prepared against the MLPs were used to probe protein gel blots of latex and poppy tissues known to lack laticifers.
Laticifer-free tissues showed no reaction with anti-MLP immunoglobulin G indicating that MLPs are found only in poppy latex. MLP distribution was also examined in mature opium poppy tissues by immunocytochemistry. Laticifers were differentially labeled by fluorescein isothiocyanate secondary labeling of anti-MLP immunoglobulin G and could easily be identified in both transverse and longitudinal section. Fractionation studies of isolated latex showed that MLPs are concentrated in the latex cytosol and not in alkaloidal vesicles. Analysis of latex proteins by conventional two-dimensional electrophoresis indicates that the two MLP bands are composed of several distinct polypeptides with similar relative molecular weights. The pIs of these molecules range from 6.0 to 3.5. The role(s) of MLPs in laticifer metabolism has not been determined.
Laticifers are highly specialized internal secretory systems which are present in both primitive and advanced taxa of flowering plants. Although their distribution is limited to about fifteen families, certain latex-bearing plants are of major economic importance due to their ability to synthesize and store useful secondary products such as alkaloids, hydrocarbons, or enzymes.
Latex exuded from the unripe capsule of the opium poppy, Papaver somniferum L., is air-dried and harvested as raw opium. Opium poppy latex represents the cytoplasm of a series of fused cells that comprise the mature laticifer system (5) . Young laticifer initials contain typical cell organelles including nuclei, plastids, mitochondria, dictyosomes, and ribosomes (19) (20) (21) 29) . As the laticifer differentiates, numerous membrane-bound vesicles are formed from dilating ER and eventually dominate the cytoplasm of the mature latex vessel (20, 29) . These vesicles have been shown to contain the large amounts of phenanthrene alkaloids including morphine and codeine (9, 10) .
Opium poppy laticifers are metabolically active at maturity. Isolated latex is able to convert radioactive precursors into phenanthrene alkaloids (3, (6) (7) (8) (9) 15 metabolism have been detected in isolated poppy latex (1), as well as enzymes which may be involved in alkaloid biosynthesis (2, (24) (25) (26) (27) .
Biochemical investigations of latex metabolism are complicated by the presence of oxidative enzymes which can interfere with enzyme assays when latex is exposed to air. We have chosen a molecular approach to investigate the diversity and distribution of proteins in isolated opium poppy latex. Using PAGE we have identified several abundant, low mol wt polypeptides which are localized in the laticifer cytosol. These MLPs2 are only detectable in this unusual cell type. Some of the freshly collected latex was fractionated according to the method of Roberts (24) . Whole latex was mixed 1:1 (v/v) with ice-cold 50 mm K-phosphate (pH 7.0) and 500 mM mannitol. The mixture was maintained at 4°C and centrifuged for 30 min at 1,000g. The supernatant (fraction 1) was removed and the pelleted vesicles lysed in an equal volume of mannitol free phosphate buffer and centrifuged at 123,000g for 10 min.The three resulting fractions represent the laticifer cytoplasm (fraction 1), the contents ofalkaloidal vesicles (fraction 2) and a membrane pellet (fraction 3). The fractions were examined electrophoretically as described below and an aliquot from each fraction was analyzed by HPLC for phenanthrene aLkaloids (13) .
MATERIAIS
Electrophoretic Analysis. For electrophoretic analysis, latex samples were mixed 1:1 (v/v) with Laemmli's (16) sample buffer containing either 5% SDS or 5% NP-40. Samples were analyzed by nondenaturing electrophoresis on 12.5% polyacrylamide gels using the nonionic detergent NP-40 (Sigma Chemical) in place of SDS. Gels were stained with either Coomassie brilliant blue or silver (33) . Replicate gel lanes were treated with periodic acidSchiff reagent (PAS) to identify glycoproteins (1 1). All protein determinations were performed using the method of Bradford (4) .
The 1000g supernatant from freshly collected latex was also analyzed by two-dimensional electrophoresis (23 Relatively few abundant proteins are resolved in protein samples of opium poppy latex by native polyacrylamide gels (NP-40 PAGE) stained with Coomassie brilliant blue. The most conspicuous latex protein bands appear as a rapidly migrating doublet (Fig. 1, lane B) . Based on Coomassie staining these MLPs appear to be present in approximately equal molar amounts. However, only the upper band of the MLP doublet can be visualized by silver staining (Fig. 1, lanes C, D) . Neither of the MLP bands show a positive reaction for carbohydrate when stained with periodic acid-Schiff reagent (Fig. 1, lane A) .
Analysis of native gels stained with Coomassie blue suggests that the MLPs are latex specific. Polypeptides which co-migrate with the MLPs (Fig. 2, lane A) are not observed in zygotic embryos protein samples (lanes B, C) or protein samples from suspension cultures of proembryos (lanes D, E). Both of these tissues are known to lack laticifers (22, 29) .
Immunoblot analysis also indicates that the distribution of MLPs is limited to laticifers. Nondenaturing gels containing protein samples from latex, zygotic embryos, and cultured proembryos were electroblotted onto nitrocellulose. Blots were incubated with anti-MLP and reacted with '25I-labeled Staphy lococcus protein A. An autoradiograph of an anti-MLP protein blot is shown in Figure 3 . The sample lane loaded with latex protein shows a strong signal with the correct electrophoretic mobility (A, arrow). Lanes which contained embryo (B) and proembryo proteins (C) have no detectable reaction except for extremely faint, nonspecific bands in the stacking gel. No antibody binding is seen in control blots probed with pre-immune serum (data not shown).
The apparent mol wt ofthe MLPs were determined by excising a latex sample lane from a nondenaturing gel running it on an SDS slab gel in the second dimension (Fig. 4) . Using this approach, the two MLPs observed by NP-40 PAGE ran as two closely migrating spots with Mr of approximately 20 kD. The identity of the MLP spots were confirmed immunologically in protein gel blots.
MLPs were also analyzed by conventional two-dimensional gel electrophoresis using IEF gels for separation in the first dimension. A large number of spots were seen in Coomassie stained 2-D gels indicating the wide variety of diverse proteins present in the latex cytosol. As expected, the MLPs were the most abundant proteins and displayed a similar Mr (about 20 kD) in the second dimension; however, each of two MLP bands observed with both NP-40 one-dimensional PAGE and NP-40/ SDS two-dimensional PAGE was resolved into several polypeptides by the IEF gel (Fig. 5 ). These MLP polypeptides showed an extremely wide range of isoelectric points ranging from about 6.0 to 3.5 and each reacted with anti-MLP in protein gel blots (Fig. 6 ).
The distribution of MLP in poppy capsules and pedicels was investigated in situ by immunocytochemistry using fluorescein isothiocyanate goat antirabbit secondary labeling. Laticifers are differentially labeled by MLP antiserum and are easily recognized in transverse section among elements of the phloem in vascular bundles (Fig. 7) . In longitudinal section, fluorescent labeling is also laticifer specific and appears to be concentrated along the peripheral laticifer cytoplasm (Fig. 8) . most of the cell lumen at maturity (Fig. 9) . The from a wounded opium poppy capsule or leaf represents the entire cytoplasmic contents ofthe laticifer and includes alkaloidal vesicles as well as other organelles.
Several investigators (1, 2, 10, (24) (25) (26) (27) have shown that the alkaloid-rich vesicle fraction can be separated from the laticifer cytosol by low speed centrifugation (1000g) in high osmotic buffer. We examined the distribution of MLPs in freshly fractionated latex using a similar approach. The majority (89.4%) of NP-40 soluble proteins are concentrated in the supematant of fractionated latex, i.e. the laticifer cytosol (Fig. 10) . Analysis of the alkaloid content of the supernatant and pellet fractions by HPLC revealed that almost 90% of the alkaloids remain associated with the pelleted vesicles (Fig. 10) . Thus, most of the alkaloidal vesicles are not disrupted during latex fractionation.
The high amounts ofprotein in the latex supernatant suggested that the MLPs might also be concentrated in that fraction. To examine this possibility, 20 tg of protein extracts from three latex fractions: (a) latex cytosol, (b) vesicle content, (c) vesicle membrane were subjected to NP-40 PAGE and probed with anti-MLP. Fraction 1 shows the strongest MLP signal (Fig. 1 1, Fl) . Thus, it appears that these latex-specific proteins are localized in the laticifer cytoplasm which surrounds the alkaloidal vesicles, and not within the vesicles or the vesicle membranes.
DISCUSSION
Immunocytochemical localization of laticifers has been reported for Asclepias syriaca and related species (32) . The IgGs used in this study were raised against the serum fraction from ultracentrifuged A. syriaca latex. Although individual latex proteins were not identified, laticifer specificity was obtained by preabsorbing the IgGs with undifferentiated callus. It should be noted that 'latex' obtained from nonarticulated laticifers of A. syriaca represents vacuolar sap (31), rather than exuded cytoplasm as is the case in opium poppy latex.
Most of the protein in poppy latex has been found to be concentrated in the top fractions of latex separated by sucrose density centrifugation (27) . Our (12, 14, 28) ; however, no common feature appears to be responsible for this lack of reactivity.
Separation of the latex proteins by IEF uncovered a great deal of diversity in pls among MLP polypeptides that could not be detected in either native or SDS-PAGE. The meaning of these charge differences is presently unclear, but they may reflect the presence of a family of genes which code for slightly different proteins, or they may represent one gene product which can undergo variety of modifications. We consider it unlikely that the MLPs are a large number of unique proteins found only in laticifers which coincidently have the same mol wt, but this possibility must be considered until more extensive analysis of individual MLP polypeptides can be performed.
Isolated opium poppy latex is known to be capable of performing normal cellular functions such as respiration and protein synthesis (17, 18) . Superimposed on these processes is the ability of this unique cell type to accumulate and/or synthesize large quantities of alkaloids.
Several enzymes of general cell metabolism have been identified in isolated latex. The IOOOg supernatant offractionated latex has been shown to contain enzymes of glycolysis as well as mitochondrial and glyoxysomal enzymes (1) . Although the MLPs described in the present investigation are also located in the latex supernatant, the relative abundance and limited distribution of the MLPs makes it unlikely that these proteins are general 'housekeeping' enzymes.
Few of the enzymes responsible for alkaloid synthesis have been detected in opium poppy latex. Progress in this area has been limited because ofa lack ofsuitable assays for the individual steps in this complex pathway. One key enzyme, L-3,4 dihydroxyphenylalanine (dopa) decarboxylase has been detected in poppy latex and appears to be localized in the latex serum (26, 27) . The specificity of the MLPs for laticifers observed in protein gel blots suggests that these proteins may represent important enzymes of alkaloid synthesis including dopa-decarboxylase.
Future research is being directed toward assessing possible enzymic function(s) of opium poppy MLPs and investigating the appearance of these proteins during laticifer differentiation.
